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ABSTRACT 

SAGA is a software development system designed to integrate software 

production tools and techniques into a flexible management system through 
the use of special attributed grammars to represent management schemes. 
Both the software life cycle and project components are described by formal 

grammars. This formalization will aid understanding of management tech- 
niques for complex projects and encourage the automation of repetitive and 
tedius managerial tasks. Project direction and management is monitored 

by SAGA from inception through completion and allows identification and 
scheduling of critical events along with integration of project specifica- 

tion, design, implementation, certification, and maintenance. The SAGA pro- 
ject is expected to have a particularly positive impact on quality software 
production for reliable computer applications. 

. 

This research was partially supported by NASA Grant N S G - 1 4 7 1  at the 
University of Illinois and by 
at ICASE, NASA Langley Hampton, VA 23665. 

while the authors were in residence 



1 I n r r o d u c t i o n .  -- 

The p r o c e s s  of s o f t w a r e  d e s i g n ,  p r o d u c t i o n ,  and n a i n t e n a n c e  fo l lous  a 

p a t t e r n  of a c L i v i t y  o f t e n  The Eanage- 

ment of t h e  l i f e c y c l e  i s  c r i t i c a l  t o  t h e  s u c c e s s  of t h e  e v e n t u a l  softvare prs- 

d u c t  [Brooks, 751. T'ne r e sponse  t o  t h i s  c r i t i c a l  managcncnt p r o b l e s  has  beail 

r e f e r r e d  t o  as t!ie s o f t w a r e  l i f e c y c l e .  

t h e  e v o l u t i o n  of Software Engineer ing.  So f tware  Eng inee r ing  h a s  i cp roved  t1.c 

p r o d u c t i o n  o f  h i g h - q u a l i t y  s o f t w a r e  through t h e  use of nex t o o l s  [Jearcn Cr 

Tonies ,  791. Msthodologies t o  improve d e s i g n ,  p r o g r a m i n g ,  and rnainiensr?:2 

have  a l s o  been proposed. The e f f e c t i v e n e s s  of t h e s e  tcjols depends oa ~h,: 

prope r  management of i n f o r m a t i o n  they  produce. The SAGA p r o j e c t  p ropascs  a 

method of  i n t e g r a t i n g  many of t h e s e  s o f t w a r e  p roduc t ion  tools and t e c h n i q u e s  

i n t o  a f l e x i b l e ,  fo rna l  managerrent system f o r  s o f t w a r e  development. 

1.1 Goals .  

The g o a l  of t h e  SAGA p r o j e c t  is t h e  deve lopnen t  of  a fo rma l  management 

methodology and system t h a t  will enhance p roduc t ion  of complex, r e l i a b l e ,  cer- 

tifiaSle software. C o m p l e x  software is t y p i f i e d  by long development,  interac- 

t i o n  between several d e v e l o p e r s ,  complex module i n t e r f a c e s ,  and r e q u i r e m e n t s  

for a u d i t i n g ,  c e r t i f i c a t i o n ,  and q u a l i t y .  the 

r e c o g n i t i o n  of v a l i d  sequences of  (pe rhaps  c o n c u r r e n t )  a c t i v i t i e s  i n  a 

We view s o f t w a r e  management as 

s o f t w a r e  l i f e c y c l e .  C e r t i f i c a t i o n  of a s o f t w a r e  product  co r re sponds  t o  t h e  

r e c o g n i t i o n  of  a v a l i d  h i s t o r y  of s o f t w a r e  development,  v e r i f i c a t i o n ,  and 

v a l i d a t i o n .  A s a t i s f a c t o r y  system f o r  development of  such s o f t w a r e  r e q u i r e s :  

Recogni t ion o f  v a l i d  scqueiiczs of a c t i v i t i e s  i n  s o f t w a r e  l i f e c y -  
c le .  
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' I  

0 C o n s i s t e n t  a p p l i c a t i o n  of a w e l l  d e f i n e d  management p o l i c y  
throughout  t h e  l i f e  of t h e  p r o j e c t .  

0 The a b i l i t y  t o  a s c e r t a i n  development s t a t u s  of t h e  s o f t w a r e  pro- 
j e c t ,  and r e t r i e v a l  of p r o j e c t  i n fo rma t ion .  

0 Automation of r e p e t i t i v e  and t e d i o u s  management t a s k s  (e.g.)  
a u d i t i n g ,  v e r s i o n  c o n t r o l ) .  

0 Automated i d e n t i f i c a t i o n  of i n t e rmodu le  dependencies  between and 
w i t h i n  p r o j e c t  phases .  

D e s i r a b l e  a t t r i b u t e s  of t h i s  k ind  of s o f t w a r e  developnent  system 

i n c l u d e  : 

0 Yachine p r o c e s s a b l e  s p e c i f i c a t i c n ,  des ign ,  and implementat ion 
languages 

C e n t r a l i z e d  and c o o r d i n a t e d  s to rage  and processing of a l l  p r o j e c t  
i n f o r m a t i o n  (e.g.) r equ i r emen t s ,  s p e c i f i c a t i o n s ,  d e s i g n s ,  d a t a ,  
s o u r c e  and o b j e c t  code, t e s t i n g  i n f o r m a t i o n ,  docuinentation, d c s i z n  
d e c i s i o n s ) .  

0 Appropr i a t e  communication and docut lentat ion t o o l s  (e.g., i n t e r u s e r  
conmunicat ion,  i n t r a p r o j c c t  communication, c o m u n i c a t i o n  between 
u s e r s  and t h e  management system).  

0 A b i l i t y  t o  i n t e g r a t e  a l r e a d y  developed t o o l s  (e.g., automated pro- 
gram ve r  if i e rs ,  tes t  d a t a  g e n e r a t o r s ,  o p t i m i z e r s ,  performance 
analyzers). 

0 Checking of t h e  c o n s i s t e n c y  of  i n t e rmodu le  dependencies .  

1.2 Other Systems. 

Many systems have been developed t o  a i d  s o f t w a r e  developnent .  Among 

them are  CUES [ P r a t t e n ,  781, Bell  Labs'  Unix/Programmer's Work Bench 

Y 

. 

[ D o l o t t a ,  e t  a l . ,  781, and Gandalf [Habermann, 791. Each of t h e s e  s y s t e m  

s a t i s f i e s  some of the  c r i t e r i a  above. 
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1.2.1 CADES. 

The CADES (Computer Aided Development and E v a l u a t i o n )  system was 

developed a t  I n t e r n a t i o n a l  Computers Limited as an o p e r a t i n g  system develop- 

ment a i d .  It i s  composed of  a d a t a b a s e ,  a language i n t e r f a c e  c a l l e d  SDL, 'and a 

formalism f o r  t r a n s f o r m a t i o n s  of problems c a l l e d  " S t r u c t u r a l  klodeling". 

S t r u c t u r a l  modeling s p e c i f i e s  t h e  r e l a t i o n s  between d a t a  and t h e  o b j e c t s  t h a t  

man ipu la t e  t h e  d a t a  and s u p p o r t s  r e f i n e m e n t  of bo th  t h e  r e l a t i o n s h i p s  and t h e  

o b j e c t s  u n t i l  a n  implementat ion i s  r e a l i z e d .  The d a t a b a s e  i s  used t o  s t o r e  

t h e s e  r e l a t i o n s h i p s  and ma in ta in  a u d i t i n g  h i s t c r y  on t h e  r e f  i nene l i t s  t h a t  have  

been app l i ed .  CADES p rov ides  f a c i l i t i e s  f o r  p r o j e c t  o r g a n i z a t i o n ,  v e r s i o n  

c o n t r o l ,  i n t e r f a c e s  t o  c o m p i l e r s / l i n k e r s  fo r  a u t o m a t i c  i n v o c a t i o n  a f t e r  module 

m o d i f i c a t i o n ,  and f a c i l i t i e s  f o r  i n c l u d i n g  o t h e r  t o o l s  f o r  f u r t h e r  a n a l y s i s  of 

t h e  p r o j e c t  da t abase .  

The Programmers Work Bench i s  a n  a d a p t a t i o n  of t h e  U N I X  o p e r a t i n g  sys-  

tem t o  t h e  needs of l a r g e  s o f t w a r e  development p r o j e c t s .  PWB p r o v i d e s  a n  

e f f i c i e n t  programming environment t h a t  is  s e p a r a t e d  from t h e  system on which '. 

t h e  programs are t o  be executed.  It p r o v i d e s  a d d i t i o n a l  t o o l s  f o r  s o f t w a r e  

d e v e l o p e n t ,  i n c l u d i n g  a Source Code C o n t r o l  System [Rochkind, 751 and remota 

j o b  e n t r y  so f tware .  Unix p r o v i d e s  f a c i l i t i e s  f o r  e d i t i n g  & f i l e  s t o r a g e ,  

d o c w e n t  p r e p a r a t i o n ,  and some u s e r  communications. SCCS p r o v i d e s  v e r s i o n  

c o n t r o l  and a u d i t i n g  of modules of s o u r c e  code, documentat ion,  or t e s t  d a t a .  
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1.2.3 Gandalf . 

1 

5 

Gandalf i s  a n  i n t e r a c t i v e  s o f t w a r e  development system €or  t h e  ADA pro- 

gramming language. A s y n t a x  o r i e n t e d  e d i t o r  permits e n t r y  of p r o g r a m .  The 

language INTERCOL and s o f t w a r e  deve lopaen t  c o n t r o l  f a c i l i t y  of GazJalf i s  

d e s c r i b e d  i n  [Tichy,  801. INTERCOL i s  one of a class of languages known 3s  

Module I n t e r c o n n e c t i o n  Languages. INTERCOL r e p r e s e n t s  t h e  s t r u c t u r e  of  sys- 

tems by d e s c r i b i n g  module i n t e r f a c e s .  I n t e r f a c e  c o n s i s t e n c y  is ma in ta ined  by 

t y p e  checking between modules and n o t i f y i n g  a p p r o p r i a t e  d e v e l o p e r s  when incon- 

s i s t e n c i e s  a re  found. INTERCOL 3150 has t t c  a b i l i t y  co d e s c r i b e  Inu l t i ? l e  v?f-  

s i o n s  of s o f t w a r e  u s i n g  a concept  of  " f ami l i e s "  of modules and systems. 

1.3 Analysis of Other -- Systems. 

No system p r e s e n t l y  s o l v e s  t h e  problem of managing s o f t w a r e  develop- 

men: i n  a complete and s a t i s f a c t o r y  manner. The i s o l a t e d  c o l l e c t i o n  of t o o l s  

i n  FVB r e q u i r e  t h e  programmer t o  remember impor t an t  p rocedures  and t o  u s e  t h e  

t o o l s  c o r r e c t l y .  S t ruc tu re -based  systems such as INTERCOL and CADES a t t e m p t  

t o  res t r ic t  t h e  s o f t w a r e  development p r o c e s s  t o  e n s u r e  t h a t  i n t e r -nodu le  

i n t e r f a c e s  are  c o r r e c t  and c o n s i s t e n t .  Neither system i n t e g r a t e s  t h e  restric- . 

t i o n s  w i t h  t h e  t a r g e t  s o u r c e  code o r  e x t e n d s  automated management t o  a l l  

phases  of t he  p r o j e c t .  Our p roposa l  combines t h e  v a r i o u s  s o f t w a r e  development 

system approaches i n t o  a f l e x i b l e  and e f f e c t i v e  system. . 
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2 The SAGA System. -- 

2.1 Approach. 

The SAGA system p r o v i d e s  a n  i n t e g r a t e d  approach t o  t h e  management of 

t h e  s o f t w a r e  p roduc t ion  p rocess  by combining v a r i o u s  e x i s t i n g  t e c h n i q u e s  f o r  

r e c o g n i z i n g ,  r e p r e s e n t i n g ,  and a n a l y z i n g  fo rma l  s p e c i f i c a t i o n s .  I ts  primary 

components are: 

o Formal r e p r e s e n t a t i o n  of  management p o l i c y  by management grammars 
(LALR(1) ' a t t r i b u t e d '  BXF grammars which u s e  e v e n t s  i n  t h e  
s o f t w a r e  l i f e  c y c l e  as t e r m i n a l  symbols). 

o P r i m i t i v e s  f o r  s p e c i f y i n g  module s t r u c t u r e s ,  system s t r u c t u r e s ,  
and e v e n t s  t h a t  occur i n  t h e  l i f e c y c l e .  

0 A c e n t r a l  d a t a b a s e  w i t h  p r o v i s i o n s  f o r  s t o r a g e  of  a l l  p r o j e c t  
r e l a t e d  in fo rma t ion .  

8 An i n t e r - p r o j e c t  l i b r a r y  f o r  s h a r i n g  code, d a t a ,  and development 
procedures .  

0 Formal s p e c i f i c a t i o n  and c o n s t r a i n t  of  d a t a b a s e  m a n i p u l a t i o n ( s )  
v i a  developnent  grammars. The fo rma l  s p e c i f i c a t i o n  a l l o w s  such  
f e a t u r e s  as a u t o m a t i c  r e c o m p i l a t i o n  and a u d i t i n g .  

0 Formal r e p r e s e n t a t i o n s  of and uniform i n t e r f a c e s  between s p e c i f i -  
c a t i o n ,  des ign ,  and implementat ion languages t o  p e r m i t  mechanical  
c o n s i s t e n c y  checking w i t h i n  and between phases  i n  t h e  s o f t w a r e  
l i f e  c y c l e .  

d User o r i e n t z d  communication f a c i l i t i e s  t h a t  i n c l u d e  n o t  on ly  t h e  
ability t o  " t a l k "  and "mail" between users b c t  a l s o  a r c h i v a l  
n o t e s f i l e  f a c i l i t i e s  t o  r e c o r d  p o l i c y  d e c i s i o n s  and a l l o w  d i s c u s -  
s i o n s  t o  t ake  p l a c e  i n  w r i t i n g  i n  a machine r e a d a b l e  form. 

The management and development grammars s p e c i f y  t h e  sequence of 

a c c e p t a b l e  e v e n t s  i n  the  s o f t w a r e  p r o j e c t  from i t s  i n c e p t i o n  through i t s  coiil- 

p l e t i o n .  Eve:its can be g e n e r a t e d  by programmer i n t e r a c t i o n  o r  by t h e  p a r t i a l  

parsin!: of a sen tence  oE a g r a x n a r e  The management grammar r e p r e s e n t s  p o l i c y  

and i t s  t e r m i n a l  s;m5ole are e v e n t s  g e n e r a t e d  by the p rogranae r  or by the sys-  
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tern. A s  s e n t e n c e s  o f  t he  language s p e c i f i e d  by t h e  management grainmar a r e  

pa r sed ,  d i f f e r e n t  management p r i m i t i v e s  are  invoked. These p r i m i t i v e s  c a n  . 

s t a r t  s u b t a s k s  c o n t r o l l e d  by o t h e r  manngeinent grammars, d e c l a r e  e v e n t s  t o  

h i g h e r  l e v e i  t a s k s ,  o r  invoke s p e c i f i c  s o f t w a r e  t o o l s  c o n t r o l l e d  develop- by 
* 

ment gramnars. The developnent  grammars are used t o  c o n t r o l  access t o  c 

s p e c i f i c  t o o l s  such  as  compi l e r s  and e d i t o r s .  This h i e r a r c h i c a l  managexent 

system c a n  be used t o  c o n f i g u r e  complex and concur ren t  p r o j e c t  development 

schemes. T r a c i n g  of  t h e  p a r s i n g  can  be done t o  any g r a n u l a r i t y ,  t h u s  a l l o w i n g  

a u d i t i n g  t o  any l e v e l ,  and t h e  c o n s t r u c t i o n  of complete,  d e t a i l e d  r e c o r d s  of 

a c t i v i t y  completion. 

The d a t a b a s e  m a n i p u l a t i o n  r o u t i n e s  have, as i n t e g r a l  components, book- 

keep ing  r o u t i n e s  which a u d i t  i n t e rmodu le  r e f e r e n c e s  and e n s u r e  c o n s i s t e n c y  

th rough  t h e  p r o j e c t .  This l e v e l  of  bookkeeping i s  r e q u i r e d  t o  s i m p l i f y  recog- 

n i t i o n  of  unconsidered specif  i ca t i . ons  or  uncodcd d e s i g n s  and i s s u e  r e q u o s t s  

f o r  t h e i r  cornple t ion. 

I n f o r m a t i o n  i n  t h e  SAGA system shou ld  be r e p r e s e n t e d  in a machine pro- 

c c s s a b l e  form, i .e.,  h i g h  l e v e l  language. This al lows i d e n t i f i c a t i o n  of t h e  

e v e n t s  t h a t  are c o n s i d e r e d  i m p o r t a n t  t o  t h e  management p o l i c y .  It is  a l s o  

expec ted  t h a t  i n v e s t i g a t i o n s  i n t o  autoinated a n a l y s i s  of p r o j e c t  phases  such as 

v a l i d a t i n g  a d e s i g n  f o r  c o n s i s t e n c y  w i t h  i t s  s p e c i f i c a t i o n  w i l l  r e q u i r e  t h a t  

s p e c i f f c a t i o n s  and d e s i g n  be r e p r e s e n t e d  i n  a h igh  l e v e l  language. We b e l i e v e  

t h e  SAGA d a t a b a s e  cou ld  be  a u s e f u l  t o o l  f o r  t h e  f u t u r e  development of  such  1 

a u t o n a t e d  a n a l y s i s .  Management and development gramnars based on t he  s y n t a x  

o f  t h e  s p e c i f i c a t i o n ,  d e s i g n ,  and i m p l e n e n t a t i o n  of  h i g h - l e v e l  languages a l l o w  

SAGA t o  c o n t r o l  p ro  j o c t  development t o  t h e  i n d i v i d w l  s t a t e m e n t  l e v e l  i f  

r cquf red.  
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2.2 A p p l i c a t i o n s .  

4 

J 

The management schemes employed i n  a SAGA development s y s t e n  are  

in t ended  t o  enhance human e n g i n e e r i n g  aspects of s o f t w a r e  p roduc t ion .  For 

so f  txare dcvelopneiit  of a p p l i c a t i o n s  which m u s t  be ve ry  r e l i a b l e ,  t h e  manage- 

ment schemes can inpose  a precise  and r i g i d  development d i s c i p l i n e .  A l t e rna -  

t i v e l y ,  SAGA n i g h t  p rov ide  a n  e n v i r o n n c n t  f o r  r a p i d  deve lopnen t  of  s c i e n t i f i c  

or r e s e a r c h  programs t h a t  do n o t  r e q u i r e  such r i g i d  c o n t r o l .  The system can 

b e  used t o  enhance t h e  p r o d u c t i v i t y  of  t h e  system deve lope r  by proviGing on- 

l i n e  p r o j e c t  inforzacion, c o o r d i n a t i n g  e f i c r t s  and ruoduie s h a r i n g  among teams, 

prompting f o r  complet ion of s t a n d a r d i z e d  docunen t s ,  c r o s s  r e f e r e n c i n g  between 

phases  o f  the p r o j e c t ,  p rov id ing  s t a t u s  r e p o r t s  of t h e  p r o j e c t ,  and s h a r i n g  

modules between p r o j e c t s .  

S i n c e  t h e  management p o l i c i e s  f o r  t h e  p r o j e c t  are e x p l i c i t l y  stated 

(by management g r a m a r s  and t h e  a t t r i b u t e s  on t h e  p r o j e c t  l anguages )  and 

t h e  p o l i c i e s  are en fo rced  by t h e  s o f t w a r e  t o o l s  t h e n s e l v e s ,  v a l i d a t i o n  of  

s o f t w a r e  produced under t h e  system is much s j n p l e r .  It i s  p o s s i b l e  t o  log  

e v e r y  o p e r a t i o n  t aken  d u r i n g  t h e  development i n  o r d e r  t o  s a t i s f y  s t r ic t  a u d i t -  

i n g  procedures .  Formal s t r u c t u r i n g  of t h e  development p rocess  may a l l o w  more 

r i g i d  v a l i d a t i o n  assumptions t o  be  nade (by e i t h e r  a u t o m a t i c  or manual theorem 

p r o v e r s )  about  s p e c i f i c a t i o n s  and coding of modules. 

t h e  

The SAGA system i s  designed t o  d i r e c t  p r o g r a m e r  a c t i v i t y  without: 

It is expec ted  t h a t  managers w i l l  r e c o g n i z e  t h e  i m p o s i n g  e x c e s s i v e  r e s t r a i n t .  

need  f o r  ba l ance  between programmer c o n t r o l  and freedom. SAGA p r o v i d e s  a n  

c x c c l l e n t  ve!iiclc f o r  c x p e r i n c n t s t i o n  i n  v a r i ~ t ~ s  management p o l i c i e s  c?nd can 

h e  used t o  a n a l y z e  the e f f e c t s  of  t hose  p o l f c i c s .  



2.3 Example. 

1 

~' 

I 

Below are sone grammar fragments  f o r  a h y p o t h e t i c 2 1  SRGA system . t h a t  

upda te s  t o  p r o j e c t  sou rce  code. G s i n g l e  management grammar s p e c i f i e s  c o n t r o l  

v e r s i o n  and r e l e a s e  p o l i c y .  soucce 

modules. The g r a m a r  i s  r e p r e s e n t e d  u s i n g  t h e  u s u a l  BLT meta-symbols { }  t o  

d e n o t e  r e p e t i t i o n .  [x]  i n d i c a t e s  s eman t i c  a c t i o n  "x" i s  t o  be  performed . 

( d e s c r i b e d  ' i n  t h e  n a r r a t i v e  below). Terminal symbols which are e v e n t s  are 

A developnent  gramxar c o n t r o l s  upda te s  t o  

r e p r e s e n t e d  as  upper case l e t t e r s  between quo tes :  

The Management Grammar 

<new v e r s i o n )  ::= < i n i t i a l i z e  modify> <modify module) <release> 

-- - 

< i n i t i a l i z e  modify) ::= "NEW - VERSION'' [ l ]  

<modify module) ::= { <ne? code> < v a l i d a t i o n  t v e r i f i c a t i o n )  )-t 

<new code> : := { "CODE" [ 2 ]  }+ "CODE - COllPLETE" [ 3 ]  

< v a l i d a t i o n  & v e r i f i c a t i o n )  : := "VERIFY" [ 4 ]  "VERIFY - COFPLETE" 

<release> : := "RELEASE" [ 5 ]  

The Development GraTmar 

<code> ::= { { <module work> }+ <check c o n s i s t e n c y >  } *  "DONE" [ 6 ]  

- 

(module work> : := "EDIT" [ 71 

<check c o n s i s t e n c y )  : := "CHECK" [ 8  J 

The e v e n t s  used by t h i s  example are  d e s c r i b e d  below: 

NEW VERSIOX - The p r o j e c t  manager wishes t o  a u t h o r i z e  a change t o  a s o u r c e  - 
module, and d e c l a r e s  t h i s  even t .  

CODE - The p r o j e c t  manager i n d i c a t e s  changes may proceed by d e c l a r i n g  t h i s  
e v e n t .  

CODE CO?IPLETR - This  eveti t  is r e q u e s t e d  by t h e  p r o j e c t  manager when a l l  - 
r e q u e s t s  f o r  cew codirig have been made. 
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VERIFY - P r o j e c t  manager i n d i c a t e s  t h a t  t h e  m o d i f i c a t i o n  i s  approved and test-  
ing shou ld  s t a r t  by d e c l a r i n g  t h i s  even t .  

RELEASE - P r o j e c t  manager can re lease t h e  t e s t e d  module as a new v e r s i o n  by 
d e c l a r i n g  t h i s  even t .  

DONE - A p r o g r a m e r  d e c l a r e s  t h i s  e v e n t  when a l l  m o d i f i c a t i o n s  t o  t h e  module 
are complete.  

EDIT - Raised by ixvoking a n  e d i t o r  on t h e  s o u r c e  nodule. 

CHECK - P r o g r a m e r  uses  a c o n p i l e r  or  ana lyze r  on t h e  sou rce  module. 

Under a SAGA s y s t e a  rising t h e s e  grammars, a p o s s i b l e  sequence of 
e v e n t s  is d e s c r i b e d  below: 

i) Someone r e q u e s t s  a change t o  a s o u r c e  nodule .  The P r o j e c t  manager i n d i -  
cates t h a t  a change i s  t o  occur by d e c l a r i n g  t h e  "NEW VERSI0I.I'" even t .  
Planagelnent p r i m i t i v e s  invoked a t  [ 11 r e q u e s t  a r e a s o n  a n d h e s c r i p t i o n  of 
t h e  change froni tho, p r o j e c t  manager, which w i l l  be stored i n  t h e  nn,w 
v e r s i o n ' s  docunentat ion.  

ii) The p r o j e c t  manager d e c l a r e s  one o r  more "CODE" e v e n t s .  P r i m f t i v e s  
invoked a t  [ 2 ]  r e q u e s t  t he  namc of t l x  modiile and the  programmer a s s i e n c d  
t o  make t h e  change. A temporary copy of t h e  module is c r e a t e d .  The pro- 
grammer i s  a u t h o r i z e d  t o  u s e  t h e  developinent graninar t o  access t h e  tea- 
p o r a r y  copy. The system uses t h e  development gralnnar i ndependen t ly  and 
asynchronously o f  t h e  management g rammr  . Afte r  t h e  "CODE COMPLETE" 
e v e n t ,  t h e  management grammar p r i m i t i v e  a t  [ 3 ]  waits f o r  all cox ing  sub- 
t a s k s  t o  complete.  

i i f )  The programmer invokes the editor, which  declares "EDIT". Primitives at 
[7] check h i s  a u t h o r i z a t i o n  and a l l o w s  the  e d i t o r  t o  proceed.  

iv) After e d i t i n g ,  the programmer uses a compiler  t o  check t h e  s o u r c e  modula 
f o r  e r r o r s .  This invokes p r i m i t i v e s  a t  [8] t h a t  make s u r e  no unde f ined  
s u b r o u t i n e s  are r e f e r e n c e d .  

v )  After t h e  programner i s  s a t i s f i e d  t h a t  t h e  changes are c o r r e c t ,  he 
d e c l a r e s  the  "DOXE" e v e n t ,  which cailses p r i m i t i v c s  a t  [ 6 ]  t o  t e r m i n a t e  
t h e  s u b t a s k  us ing  t h e  development grammar. 

v i )  The p r o j e c t  manager i s  n o t i f i e d  t h a t  t h e  modules a re  changed, and is 
al lowed t o  dccl .?re  e v e n t  "VEKL'.'Y" t o  s t a r t  v e r i f i c a t i o n  of t h e  module. 
P r i m i t i v e s  a t  [ A ]  s t a r t  a n o t h e r  d c v e l o p w n t  grnnnar f o r  v e r i f i . c a t i o a .  
The  p r o  j c c t  nanclzer waits u n t i l  the "V'.'!<IF'f CC:T!PLET"c' e v e n t  i s  d e c l a r e d  - 

. by tile v e r i f i c a t i o n  subtask .  

v i i )  Ver l f i c a t  ion i s  co!y:,letcd and "VZ,KIi:Y CTJ:lPLETE" i s  dec1;red. Tne nanager  
i s  n o t i f i e d  t h a t  t h e  module i s  read?, a d  d e c l a r e s  t h e  "!:ELEASE" e v e n t .  
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P r i m i t i v e s  a t  [SI make t h e  temporary copy i n t o  a new r e l e a s e  i n  t h e  d a t a -  
b a s e  c a t a l o g ,  n o t i f y i n g  t h e  a p p r o p r i a t e  u s e r s  t h a t  t h e  new release i s  
complete. 

3 Pro to type .  

.I 

i -  

i -  
1 -, 

I -  

A p r o t o t y p e  SAGA system i s  be ing  impleaented i n  Pascal. It w i l l  per- 

m i t  t h e  e n t r y  of p r o j e c t  i n fo rma t ion  and c o n t r o l  of t h e  development p rocess  i n  

b o t h  a b a t c h  and t i n t s h a r i n g  environment.  An i n t e r a c t i v e  e d i t o r  w i l l  promote 

immediate c a p t u r e  of p r o g r a m i n 3  and d e s i g n  d e c i s i o n s .  A s u b s e t  Qf the  con- 

mands a v a i l a b l e  t o  t h e  i n t e r a c t i v e  e d i t o r  w i l l  be designed t o  p rocess  b a t c h  cr 

f i l e  o r i e n t e d  i n p u t  t o  p e r m i t  reiuotc p r e p a r a t i o n  of l a r g e  vo luaes  of p rograa  

m a t e r i a l  o r  u s e  of e x i s t i n g  m a t e r i a l .  E d i t o r s  u s i n g  t a b l e  d r i v e n  W L R ( 1 )  

parsers w i l l  c?llow e n t r y  and r e c o g n i t i o n  of r e q u i r e m e n t s ,  d e s i g n s ,  manage;r,ent, 

and programs. E d i t o r  commands w i l l  a l l o w  m a n i p u l a t i o n  of t h e  p a r s e  t rees  

[ T e i t e l b a u n ,  791. The parsers w i l l  d r i v e  a s y n t a x  d i r e c t e d  t r a n s l a t i o n  schenc 

a s s o c i a t e d  w i t h  each  grammar. The t r a n s l a t i o n  scheme w i l l  i n t e r f a c e  t o  

management p r i m i t i v e s  that  c o n t r o l  t h e  d a t a b a s e  and t h e  i n f o r m a t i o n  i t  con- 

t a i n s .  I n i t i a l l y ,  t h e  management p r i m i t f v e s  w i l l  be encoded as Pascal code 

segments.  

SAGA e d i t o r s  w i l l  be c o n s t r u c t e d  a u t o m a t i c a l l y  u s i n g  two t o o l s :  a 

t a b l e  g e n e r a t o r  and s k e l e t o n  e d i t o r .  This approach w i l l  f a c i l i t a t e  experimen- 

t a t i o n  w i t h  new s p e c i f i c a t i o n ,  d e s i g n ,  and manzgement languages w h i l e  ensi i r ing 4 

r e l i a b l e  implementation. N e w  programming languages can be inc luded  i n  a SAGA 

system wi th  minimal overhead. The p r o t o t y p e  S'IG-4 system i n c l u d e s  bo th  a gen- 
i 

e r a t o r  and a s k e l e t o n  e d i t o r .  

?he p r o t o t y p e  SXGA s o f t w a r e  n a ~ a g e m n t  system f o r  PASCAL is be ing  con- 

I.. - 
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i 

s t r u c t e d  t o  test  t h e  e f f e c t i v e n e s s  of t h e  system and w i l l  i n c l u d e  management 

g r a m a r s  and t h e  u s e  of example r equ i r emen t s  and d e s i g n  languages.  In partic- 

u l a r ,  t h e  management g r a m a r s  w i l l  s u p p o r t  c o n t r o l  of v e r s i o n s  and c o n c u r r e n t  

p r o j e c t  developnent  a c t i v i t i e s .  Various t o o l s  such as t h e  p r o j e c t  d a t a . b a s s ,  

c o n p i l e r s ,  m a i l ,  n o t e s  f i l e s ,  and documentation p r e p a r a t i o n  s y s t e m  w i l l  b~ 

i n t e g r a t e d  i n t o  t h e  e v e n t u a l  p r o t o t y p e  SAGA s y s t e n  f o r  PASCAL. 

4 Conclusion.  

The f o r m a l i z a t i o n  of management i n  s o f t w a r e  deve lopnen t  p r o j e c t s  will 

improve unde r s t and ing  of t h e  p r o j e c t  l i f e c y c l e  and s t r e n g t h e n  t h e  v a l i d i t y  of 

s o f t w a r e  c e r t i f i c a t i o n .  The SAGA system p r o v i d e s  a n  approach  t o  t h e  autoruat tc  

g e n e r a t i o n  o f  so f tware  development systems and t h e  e v e n t u a l  f o r m a l i z a t i o n  o f  

management schemes. Yanagement o f  t h e  deve lopnen t  process c a n  be  a p p l i e d  t o  

all i n t e r a c t i o n s  and i n f o r m a t i o n  i n  t h e  p r o j e c t  froin t h e  moment of e n t r y  t o  

t h e  computer through i t s  l i f e c y c l e ,  

Although c o n s i d e r a b l e  r e s e a r c h  and development i s  r e q u i r e d  t o  r e a i i z n  

a p r o d u c t i o n  v e r s i o n  of SAGA, t h e  p r o t o t y p e  s p e c i f i c a t i o n  s u g g e s t s  t h a t  silc?~ 

sys t ems  c a n  be c o n s t r u c t e d  and t h a t  management scheines f o r  t h e  p r o d u c t i o n  of  

s o € t w a r e  c a n  be d e s c r i b e d  u s i n g  augmented grammars. We welcome conments,  

s u g g e s t i o n s ,  and examples of management schemes t h a t  have been a p p l i e d  t o  

a c t u a l  s o f t w a r e  p roduc t ion  p r o j e c t s . .  
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